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Application of Genetic Markers for Plant Genetic Diversity Study  Tadesse Abate Department of Animal and Range Science, College of Agriculture and natural resources, Madda Walabu University, P.O. Box 247, Bale robe, Ethiopia  Abstrat This paper is an overview of the major genetic markers, used in assessing plant genetic diversity studies. Detection and analysis of genetic variation by genetic markers can help us to understand the molecular basis of various biological phenomena in plants. Various genetic markers are available for the genetic diversity study of plants. Phenotypic and biochemical markers tend to have the disadvantages of a low degree of polymorphism, relatively few loci and environmentally variable expression. DNA-based methods are widely used. Some of the common methods based on polymerase chain reaction (PCR) are amplified fragment length polymorphism (AFLP), in which restriction enzymes and non-random primers are used, and simple sequence repeats (SSRs), in which primers based on known sequences are employed. In recent years random amplified polymorphic DNAs (RAPDs), in which random primers are used, have been employed for cultivar identification of many crops. The review details account of the application of different genetic markers for plant genetic diversity study. Keywords:  Genetic diversity, Morphological markers, Molecular markers, Biochemical markers  Introduction The conservation of genetic diversity both within and among natural populations is a fundamental goal for conservation of biological science. Henceforth, the knowledge utilizing different biotechnological methods are prioritized and also an essential component of plant and animals (as well as insects) resource management and they are becoming increasingly important for the conservation strategies utilizing different markers. A genetic marker is any character that can be measured in an organism which provides information on the genotype of that organism. Markers are used for genetic diversity study, construction of linkage maps and in the tracking of individuals or lines carrying particular genes. The development in biochemistry and molecular biology for the last 40 years was used for the emergence of marker systems to evaluate genetic variation at the intraspecific and interspecific levels (Kalendar et al., 2010). It is important, however, to understand that different markers have different properties and will reflect different aspects of genetic diversity (Karp and Edwards, 1995). Phenotypic and biochemical markers tend to have the disadvantages of a low degree of polymorphism, relatively few loci and environmentally variable expression. The advent of the PCR was a breakthrough for molecular marker techniques to describe the genetic constitution of an individual and also be used to determine the genetic polymorphism, diversity and relationship, etc existing in a population. Random Amplified Polymorphic DNA (RAPD) is one of the first developed molecular markers that have been studied widely in all genetic programs. RAPD was desirable marker for many years (Williams et al., 1990) because of it uses short primer, no need of priori genome sequence information, high speed, low cost and low technical requirement. On the other hand, presenting many potential priming sites for these sequences, low annealing temperature make the invention for new methods such as Amplified fragment length polymorphism (AFLP) and Simple sequence repeat (SSR) which solved RAPD problems, thus eliminating this system from molecular markers today (Kalendar et al., 2011).     Genetic markers  Genetic diversity refers to any variation in nucleotides, genes, chromosomes or whole genomes of organisms (Wang et al., 2009). An adequate knowledge of existing genetic diversity, where-in plant population is found and how to best utilize it, is of fundamental interest for basic science and applied aspects like the efficient management of crop genetic resources. Genetic diversity can be assessed among different accessions /individuals within same species (intraspecific), among species (interspecific) and between genus and families (Mittal and Dubey, 2009) by using different types of genetic markers. A genetic marker is any character that can be measured in an organism which provides information on the genotype of that organism. Determining genetic diversity can be based on morphological, biochemical, and molecular types of information (Mohammadi and Prasanna, 2003; Sudre et al., 2007; Goncalves et al., 2009).  Morphological markers Morphological markers are usually visually characterized phenotypic characters such as flower color, seed shape, growth habits or pigmentation (Sumarani et al., 2004). Morphological markers reflect variation of expressed regions of genome. Morphological traits were among the earliest markers used in germplasm management and they are the strongest determinants of the agronomic value and taxonomic classification of plants. Especially, if 
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the traits are highly heritable, morphological markers are one of the choices for diversity studies because the inheritance of the marker can be monitored visually (Yoseph, 2005). Despite these advantages, morphological features have a number of limitations including low polymorphism, low heritability, late expression, and vulnerability to environmental influences (Smith and Smith, 1992; Konarev, 2000; Muthusamy et al., 2008), which, in turn limits their utility for assessing real genetic diversity. In addition, performing breeding experiments with these markers is time consuming, labour intensive and the large populations of plants required need large plots of land and/or greenhouse space in which to be grown (Stuber et al., 1999).  Biochemical Marker  Biochemical markers are differences in enzymes that are detected by electrophoresis and specific staining (Pillai et al., 2000). Storage protein and isozymes are the main biochemical markers used for characterization of plant genetic resources, relationships at lower taxonomic levels as well as to detect geographic origin. Isozymes are common enzymes expressed in the cells of plants. The enzymes are extracted, and run on denaturing electrophoresis gels. The denaturing component in the gels (usually SDS) unravels the secondary and tertiary structure of the enzymes and they are then separated on the basis of net charge and mass. Polymorphic differences occur on the amino acid level allowing singular peptide polymorphism to be detected and utilized as a polymorphic biochemical marker. The technique is rapid and economical, and codominant nature of allozyme data makes it useful for the characterization of genetic variation in plant species (Weising et al., 2005). Although protein markers circumvent environmental effects, the number of detectable isozymes are limited and they are typically tissue and developmental stage-specific (Park et al., 2009). For this reason, most researchers began to focus on the use of DNA marker systems for genetic and ecological analyses of plant populations.  DNA based markers Molecular genetic markers are specific fragments of DNA that can be identified within the genome of the organism under study using a broad variety of techniques. Molecular markers are the most recent to be developed and have proven to be the powerful tools for genotype characterization  and estimation of genetic variation both within and between plant population by analyzing large numbers of loci distributed throughout the genome (Powell et al., 1995; Treuren et al., 2005). Molecular or DNA- based markers have many advantages over morphological and biochemical markers. The primary advantages include their availability in potentially unlimited number and the property that they generally are not affected by developmental differences or environmental influences. Nowadays, molecular marker technologies are increasingly being used to complement traditional methods because of their ability to measure diversity directly at the DNA level (Brown and Kresovich, 1996; Karp et al., 1997; Spooner et al., 2005). Different types of molecular markers are utilized to evaluate DNA polymorphism and can be classified based on the method of detection as hybridization (non PCR) based markers and polymerase chain reaction (PCR)-based markers. In hybridization based markers DNA profiles are visualized by hybridizing the restriction endonuclease digested DNA fragment, to a labelled probe, which is a DNA fragment of known sequence, while PCR based markers involve in- vitro amplification of particular DNA sequences with the help of specifically or arbitrarily chosen oligonucleotide sequences (primers) and a thermo stable DNA polymerase enzyme. The amplified DNA fragments are separated by electrophoresis and banding patterns are detected by different methods such as staining (using ethidium bromide dye) and autoradiography.  Non PCR-based techniques Restriction Fragment Length Polymorphism (RFLP) Restriction fragment length polymorphism (RFLP) was the first reported molecular marker technique developed in the 1980s (Saiki et al., 1985) for use in human genetic applications and was later applied to plants. RFLP analysis is based on the ability of restriction enzymes (also called restriction endonucleases) to cleave DNA in to pieces (digested) at specific target nucleotide sequences consisting usually of a four or six nucleotide pairs. Changes within these sequences which can be caused by point mutations, insertions or deletions, result in DNA fragments of differing length and molecular weights. The resulting restriction fragments are resolved by gel electrophoresis and then blotted (Southern, 1975) on to a nitrocellulose membrane. Specific banding patterns are then visualized by hybridization with labeled probe. The advantages of RFLPs are the co-dominant nature of the markers, their reliability and specificity. Furthermore, cDNA-based RFLP have the potential to detect homologous sequences in distantly related genomes, which makes them especially useful to construct consensus maps (Isobe et al., 2003). RFLP is limited by the relatively large amount of high quality DNA required for restriction digestion, probes need to be developed, the technique is labour and time consuming (Staub et al., 1996). However, it is still used in marker assisted selection procedures. These limitations led to the conceptualization of a new set of less technically complex methods known as PCR-based techniques. 
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Markers Based on Amplification Techniques (PCR-Derived) With the beginning of studies that led to the development of polymerase chain reaction (PCR) technology (Saiki et al., 1985; Mullis and Faloona, 1987), a large number of approaches for generation of molecular markers based on PCR were detailed, relevant mainly to research in genetic diversity, primarily due to its apparent simplicity and high probability of success. A number of PCR-based DNA markers have been developed in recent years to evaluate genetic variation at the intra-specific and inter-specific levels (Wolfe and Liston, 1998).  Random Amplified Polymorphic DNA (RAPD) Random Amplified Polymorphic DNA (RAPD) was the first PCR based molecular marker technique developed and it is by far the simplest one. RAPDs are generated by PCR amplification of random genomic DNA segments using randomly constructed oligonucleotides as primer which is annealed to the template DNA typically at 37°C (Williams et al., 1990; Jacobson and Hedrén, 2007), separation of the amplified fragments on agarose gel in the presence of ethidium bromide and finally, visualization under ultraviolet light. The variation in RAPD profile is in the form of presence or absence of a band resulting from variation in primer binding sites. RAPD polymorphisms can theoretically result from several types of events: (1) insertion of a large piece of DNA between the primer binding sites may exceed the capacity of PCR, resulting in fragment loss; (2) insertion or deletion of a small piece of DNA will lead to a change in size of the amplified fragment; (3) the deletion of one of the two primer annealing sites results in either the loss of a fragment or an increase in size; (4) a nucleotide substitution within one or both primer target sites may affect the annealing process, which can lead to a presence versus absence of polymorphism or to a change in fragment size (Weising et al., 2005). The power of RAPD is that it is a fast technique, easy to perform and comparatively cheap and little amount of DNA quantities are required to detect relatively small amount of genetic variation (Ragot and Hoisington, 1993). Also, there are no requirements for radioactive chemicals and no need of prior knowledge of the genome that is being analyzed; it can be immediately applicable to the analysis of most organisms because universal sets of primers are used (Williams et al., 1990; Hallden et al., 1996).  Despite these advantages, RAPD analysis presents some practical problems. RAPDs are dominant markers, i.e. it is impossible to detect heterozygotes and besides being dominantly inherited, RAPDs also suffer from severe reproducibility problems due to low annealing temperature of primers if compared to other techniques (Jones et al., 1997a; Rabouam et al., 1999), which ultimately limited their use in the past years. Despite a number of drawbacks, RAPDs are still in used. Main application areas include variety identification, determination of genetic variability, relationship among the crop genotypes and construction of linkage maps (Young , 2000; Jaroslava et al., 2002).  Amplified Fragment Length Polymorphism (AFLP) Amplified Fragment Length Polymorphism (AFLP) technology is the recent DNA fingerprinting technique developed by Vos et al., (1995), to overcome the limitation of reproducibility associated with RAPD and it is equally applicable to all species with no prior sequence knowledge. AFLP is the selective amplification of restriction fragments from a digest of total gnomic DNA using the polymerase chain reaction (PCR), and detects fragment length polymorphisms from differences in the length of the amplified fragments by polyacrylamide gel electrophoresis (PAGE) (Vos et al., 1995; Matthes et al., 1998) or by capillary electrophoresis. Possible reasons for AFLP polymorphisms are (1) sequence variations in a restriction site (the same as in RFLPs), (2) insertions or deletions within an amplified fragment (also the same as in RFLPs), and (3) differences in the nucleotide sequence immediately adjoining the restriction site (not detected with RFLPs). It can be considered an intermediate between RFLPs and RAPDs methodologies as it combines the power of RFLP with the flexibility of PCR-based technology by ligating primer recognition sequences (adaptors) to the restricted DNA (Lynch and Walsh, 1998). The AFLP technology is a powerful tool to distinguish closely related individuals at the sub-species level (Althoff et al., 2007) and can also map genes. AFLP assays require no previous sequence knowledge for primer construction, this allows for the use of standard primers and can detect 20-100 loci per assays (Maughan et al., 1996; Powell et al., 1996). It generates higher polymorphism which is also largely reliable and reproducible (Powell et al., 1996; Jones et al., 1997a). Despite its attractiveness, the AFLP method has some detrimental aspects. AFLP markers are mainly dominant and the analysis is technically demanding (Jones et al., 1997a). It requires clean and high molecular weight DNA for ensuring complete digestion by enzymes. Partial digestion of DNA results in non-reproducible variation in DNA profiles.  Microsatellites  Microsatellites , also known as simple sequence repeats (SSRs) (Tautz et al., 1986; Litt and Luty, 1989), are DNA stretches, consisting of tandemly repeating mono-, di-, tri-, tetra- or penta-nucleotide units that are widely dispersed through eukaryotic nuclear genomes (Powell et al., 1996). They also appear in prokaryotic and eukaryotic organellar genomes, e.g., chloroplast (Powell et al., 1995) and mitochondria (Soranzo et al., 1999). In 
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microsatellite analysis, sequence information of the regions flanking the repeats is used for creating locus specific PCR primer pairs. Therefore, specific primers are used to amplify microsatellites by the polymerase chain reaction (PCR). The products generated have been found to be highly reproducible and cost effective (Jones et al., 1997a) and the resulting amplification products are separated on polyacrylamide gels and visualized. Variation on the number of repetitions of the basic motif is mainly due to strand slippage during DNA replication where the repeats allow matching via excision or addition of repeats (Schlotterer and Tautz, 1992). The proven advantages of SSR markers is due to their high variability resulting from high mutation rates that affect the number of repeating units, exhibit co-dominant inheritance, locus specificity, extensive genome coverage and simple detection using labelled primers that flank the microsatellite and hence define the microsatellite locus (Graham et al., 2004; Selkoe and Toonen, 2006). SSRs demonstrate a high degree of transferability between species, as PCR primers designed to an SSR within one species frequently amplify a corresponding locus in related species, enabling comparative genetic and genomic analysis. These features provide the foundation for their successful application in a wide range of fundamental and applicable fields (Chistiakov et al., 2006). SSR markers have become quite useful in various aspects of molecular genetic studies, including assessment of genetic diversity (Amsellem et al., 2001; Ashley et al., 2003), finger printing (Rongwen et al., 1995), ecological genetic studies (Li et al., 2000), marker-assisted selection (Fazio et al., 2003), and genetic linkage mapping (Broun and Tankley, 1996; Graham et al., 2004).  Inter Simple Sequence Repeat (ISSR)  Inter simple sequence repeat (ISSR) technique was first described by Zietkiewicz et al., (1994) and Kantety et al., (1995). ISSR involves amplification of DNA segments present at an amplifiable distance in between two identical microsatellite repeat regions oriented in opposite direction. The technique uses microsatellites as primers in a single primer PCR reaction targeting multiple genomic loci to amplify mainly inter simple sequence repeats of different sizes. The primer can be based on any of the SSR motifs (di-, tri-, tetra- or penta-nucleotides) found at microsatellite loci giving a wide array of possible amplification products (Blair et al., 1999). The potential use of ISSR markers depends on the variety and frequency of microsatellites, which changes with the species and with the targeted SSR motifs (Morgante and Olivieri, 1993). In addition, the number of bands produced by an ISSR primer with a given microsatellite repeat should reflect the relative frequency of that motif in the genome and would provide an estimate of the motif's abundance as an alternative for library hybridization (Blair et al., 1999). The amplification and data-scoring protocols used for ISSR markers are similar to those used for random amplified polymorphic DNA (RAPD) markers with the exception that ISSRs use longer primers (15–30 mers) as compared to RAPD primers (10 mers),  which permit the subsequent use of high annealing temperature leading to higher stringency (Wolfe and Liston, 1998). The annealing temperature depends on the GC content of the primer used and ranges from 45 to 65. The amplified products are usually 200–2000 bp long and amenable to detection by both agarose and polyacrylamide gel electrophoresis. ISSR is a dominant marker like RAPD in which visible bands are assigned to genetic loci with two alleles: 1= presence and 0= absent but greater robustness in repeatability and generates larger number of polymorphisms per primer because variable regions in the genome are targeted (Ila et al., 2003; Kafkas et al., 2006). The sources of variation in ISSR markers could be: (1) mutations at the priming site (SSR), which could prevent amplification of a fragment as in RAPD markers and thus give a presence/absence polymorphism. (2) An insertion/deletion event within the SSR region or the amplified region would result in the absence of a product or length polymorphism depending on the amplifiability of the resulting fragment size. This method has a wide range of uses, including the characterization of genetic relatedness among populations (Ammiraju et al., 2001), genetic fingerprinting (Blair et al., 1999), gene tagging (Ammiraju et al., 2001), detection of clonal variation (Leroy and Leon, 2000), cultivar identification (Wang et al., 2009), phylogenetic analysis (Gupta et al., 2008), detection of genomic instability (for example, it was used in human quantification of genomic instability to estimate prognosis in colorectal cancer (Brenner, 2011), and assessment of hybridization (Wolfe et al., 1998). Among molecular markers, ISSRs are widely used in genetic diversity studies because amplification in this technique does not require genome sequence information for designing the primer, and the primers are not proprietary and can be synthesized by any one, their development costs are low, and the laboratory procedures can easily be applied to any plant species (Aga et al., 2005; Tesfaye et al., 2013; Zietkiewicz et al., 1994). The method provides highly reproducible results and generates abundant polymorphisms in many systems. This technique can rapidly differentiate closely related individuals (Zietkiewicz et al., 1994) and have been successfully used to assess genetic diversity among closely related cultivars which were difficult to distinguish with other molecular marker (Dagani et al., 2003; Salhi-Hannachi et al., 2005; Okpul et al., 2005).   Conclusion  Genetic diversity being referred to as the sum total of genetic variations found in a species or population is 
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